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■ n 27 S 167 

Thla invention rel&t«a to a nothod of eonatrueting 
a hollow, opherlcal euryed aholl-typa bo4y eapaUo of reals t- 
Inff external presaurea and to the body eo aade. 

HoUbw bodlea capable of irlthatandlnir extremely 
»ieh external rroaaurea are In great denand for oceanographlo - 
. ;. i vurious other typea of underirater reaearch and explora- 
tion, and to aerve aa the load-carrying envelopea for under- 
water structurea, aa vehiclce for Dcn and/or .Inetrumenta, 
or aa buoyant eXeaento for attachment to underwater tteaaela. 

It la known to sake auoh Veaaela of a aolld. 
Integral metal ahell and auoh ahella have •eli-knowv'.iperlor 
Btrength chflracterlatlca and realatance to buckling under the 
tremendous compressive stressea to which they are subjected ' 
at sreat depths below the surface of the water. Uetallle 
veaaela, however, arc dlsadvontoseoua In that their atrength- 
tcwelsht radio is relatively low, while their »/elght-to- 
dlapiaeeaent ratio la relatively high. 

According to .the present Invention,' there ii pro- 
vided a method of constructing a hollow, apherlcal body cob- ' 
prising the ateps of preparing a auplje.r of sheets of ther«ol 
aettmg ream, reinforced with filaments having a desired or 
•elected modulus of elaatlelty. the fllomenta extending from . 
one major planar surface of the sheet to an. opposite major 
planar aurface of the sheet aubatantlally normal to the 
aurfaeea thereof, the method comprlalng cutting elementa from 
one or more aheeta and asaembllng the elementa Into the form 
of a apherlcal body with the fllaaenta aligned aubatantlally 
radially of tne body, characteriaed In that a number of ele- 
»cnts are adhered to . backing aheet with the fllamenta normal 
to the plane of the backing aheet, the dealred. number of back- 



ing GhccU rith elooents Sj^lifpUc^ to a aandpcl 

having a sphepioal or papt-aphorlcal aurfaca to fora/.a /spher- 
ical atruotura thereon* the backing aheat beinff on the aide 
adjaoent to the mandrel, any apaoea batveen adjacent elenenta 
are filled with uncured reaini and the atriioture ia then aub^ 
jected to a curing treatment for any uncured ;>eain« 
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rtl«|.l«ce»«r.t. It i» c .lUo «f Uth*t«nUinit •xt«rn«X 
rrcBKurr, e^n b«« n..vi^ m witMtniid proAnuroc of u]> to 
thoHHAndi. of found* .,rr i.i„i.:r, inch, th« limltlnn Pfo-uri 
bntnit rtvtsrMiMiid to n lAr^rn ri^aroe by the meduluo of 

^l.i-tlclty or tli.> matrrlrtln ,|. .s„ch o body la thiia 

woii -iiitnil for iindprifiitnr iima. 

rii« body l.n. tlio furOirr /..Ivnntoso ov«r tho prcvloualy 
K»o.., „,tollic v«,a«.i, th«t it doe. „ot ronulr. ap.cl-l polar 
cap. or flttl,.Ka to j.^rnlt «ccca, to tho Interior, and can bo 
locally op.no.1 nn.l clo;.c.l oa woll a. ropnlrod by tho r««oral 
»nd roplocament of rnl.^tivoly .«alx wall aaetion. without 
impalrlnit voaael atroiistli. 

rrofarrod motho.la nceordlnit *•» tho invention will notr 
b* d«.,erll,«.d in detail, by way of exaa-pl.. with rofarcne. to 
tho nccnm|>nnyinj!t drnwi n.-.a in which |- 

Pla.l 1» «. PTMpijctivp llluatratlon of a proforrod 
r-dl«l.rnan,cnt «phcro co,.,tr..ctod of two Idantlal hcmlaphcro.j 

Fl«.2.l5 A fr.i/rm^ntnry vortical aoctlon through tho 
sphnra ahown In Pig.lj 

Pis. 3 1« a rerap«ctlvo olavotlonal view of tho baale 
.truct„r-l member «m,.loy..d in lar^a nuaib.r. In tho ma««f.act«ro 
nf tha aphnro «l.own tn Fi;{a.l and 2j 

riK»h i, a .,i„n„r view of tha aald member aa modified. " 
prior to „.a m the actual buUd-.^ of the heml-phor«| 

Fie. 5 1» a plan vlow of the mcmbnr »hown in Pi^.'t 
ond lllMatratoa a furthar -tr..ct..ral modification thereof • 
which 1. affected prior to tha >.r«l.ph..re-b.,tldln« operation, 

* lg.fi la an ^lovotional view of a portly built-up 
he«laphero which when co«,.lated la to be «.ed i„ a,„kin« tho 
ophore of Pl5.l1 

Fiff.fia la a fragmentary dla.,ramnotlc llluatratlon of the 
manner of building Of tha homlophar. ohown in Klg.6 from tho 
atnietural nor>b«rii of Kls.Ji 

* . 424.478 



Wg. 7 ia a dl«craa«a^'-^i/ufttatloa of th. .ffct or 
coBprec«ly, otreae.. on « unidirectional or paralloi-«ia»,nt 
aeabeP of the tjrpa eapioyod in tha body according to the . 
praeent Invantlon; 

1«. 8 le a parapeotlv. lUuatratloa of MOthar prafarrid 
sphere coaetructod of two identical haalaphara.j 

W«. 9 ia a Plan view of a built-up latemadlat. atruotural 
aeiDber eapiojrod in building up the healepher.a uaad la 
conatructing the sphere eboTrn in Pig. 8; , 

W«. 9a le a aoaewhot enlarged perapectlra lUuatratlon 
of the atarting atructura'l oeaber employed in bulldliig up 
the InterBediate aeober ahown in Pig. 9. 

10 la a aide elevatlonal view of the aald intaraedlata 
"•■bap, taken along the line lO-lo in Jig. 9; 

Wga. 11 and 12 are achenatic olevatlonal vlewa of a 
he»iapherlcal »andrel and illuatrate the firet t«o atepa In 
a further preferred aethod of building a radlal-fllaaont ' 
hemlBphora; 

714. 13 la a .actional vlaw taken along the lla« 
ia 'Ig. 12; 

««. 14 ia an alovational view of the oandrel, oloillar 
*P 12. and llluat^taa the next atap of th. eald method,. 

««. 15 1. an elevatlonal view of the aandrel, aeen 
at an angle 0/ 45O to the plan, of Wg. 14, and Illuatrate. 
.. fUrthap step, pf thla aathod. 

16 1. a fragaantary diagraaaatio Uluatratloa of 
a radlai-fiiaaant .ph.r. ah.li and lUuatrat.s on. of th. 
advaatag.. of bodl.a producad la accordanc. with th. pr.a.at . 

laveotlon; and 

W«. 16a ie a alaiiar view of a conventional fllaa.at- 
wound aph.re ahell and llluatrat.a on. of th. diaadvaatag.a .... 
of auoh a ooaatpuetloa. 

* ' . 4 24.4 7 8 
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ix hao been found tt..i wh'en a ^Are«-dimensioaal straetura 
coopoaed ef a curod theraoaettlng rcalD aatriz having ambeddad 
therein a multiplicity of parallel unidireetieaal filaaeota 
ia aubjected to bi-directlonil ceaprooslve atresaaa notaal to 
the niaoont orientation, the fllaoenta are atreased la lenaioa. 
rJUa la Jlncraninatlcallor i'lluatrated in 71g. 7 wherein B 
■ viiotea a rectancularly prlaaiatle atruoture, coaposed of a 
cured reain natrix havlnc eabcdded therein a great auabar 
of filaaenta (not ohown) all oriented parallel to eaoh other 
ia the direction of the double-headed arrow T, and aubjected 
to balanced ooapreaslva straaaoa c-'and «*''whlch are 
perpendiculair both to each other and to the fllaaent direction. 
Under such condltloaa, the filaaenta are atreaeed in teaaioa 
aa Indicated by the arrowa I« 

2b a hollow apherieal vessel subjeeted to axteraal 
lyrdrostatic pressure over its entire surface, the external 
pressurs is opposed by balaAced circuaferentiai stresses in 
the wall of the veesel, and any eiven aleaent of such a body 
can thus be considered as belne aubjected to tWo perpendicular 
ooapreasive atreaaea, both esseatially parallel to the aurf&ee. 
Xhe general equation for the circuaferentiai atxess la a : • 
spherical shell under external hydrostatio pressura^ la' 
. (I) .. pj. 

^ = a* 

where p is the unit pressure, £ is the mean radius of the 
sphere, and t is the wall thlckneaa of the ahell, If, bow, 
eaoh auch eloaont of the oholl body la ooapoaed of a 
unldirectional-flioaent slab in which all the individual fibres 
are oriented substantially radially of the apbsra and thus 
noraal to the plane of application of the coapresslve atreaees, 
the fibreo in each eleoent of the ehell body will be atreaaad 
m tenalon. Thua, no buckling of the filaaenta can occur, 

« 

which obviates the requireaeat of a high degree of stralgfatnesa 

6 42^478 



in the «.„a a«a .ruM'Wl support th. «.i„. 
•111 b. rea^ilo, recognized that this 1. precloely oppo.lt. 
to th. .Ituatloa exletinc In conventional fllaa.at^o«ad • ' • 
.|.h.r... traneverae buOcllng of the rna«eat wlndl„e, i, 

"elated only by the lateral aupport provided by the reeln. 
It oan be abown that the critical preeeure Po for th. 

buolclln. Of a .pharlcal aheli of wall thlctoe.. t and radlu, r 

la 

-here , u the .odulu. of elasticity. V la Polaeoa., ratio, 
and 4 1. an e-plrlcally do-te™i„abia numerical constant, fiaap 
.«b«rgence v.a.eia are also generally characterUed by a fi^. 
of -erlt M whleh 1. d.fi„od by the relation 



(3) • w 

" - D 



». «.na.,. ^ . ^^^^^ 

^. ^^^^^^ 

wber.^ ^^^^ ^^^^^^^^^ ^^^^ 

that a low value fpr the ratio W^O, repree.nta a large payload" 
capability ,0, th. ...a.,. ^^^^ ^^^^ 

^ thlcknea. t .hould b. i« direct proportion to th, radlua of 
the v.a..i, .0 that vea.ai, of different .la.. 
sane pr.8aure capabllltl... 

.,«..!«. (« to (4) It c„ U ..... «,.,.,.„, «,., 

. X"« ^ . ^^^^^^^^ 
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of tb. pr.ao«t l„„i,tio« thu, entalla the v., of u„ldi,.e«o„al 
«br. and rcola building ,ie„„t. ,.vi„g „ optl«li^ lew valu, 
or///^. a ratio which d.creaaea aa E increa..., S m thla cae« 
t^nc the tranavaraa „od«lua of alaatlclty oX the .l.„.„t (i.,. 
• =• i--c.iuiua parp.ndicul.ir to tho fllanant dlraction). l% i, 
. .u-.rred to a«ploy both ra.in and fibre coaponeat. of high 
-Juius, „i„ca both contribute to the tran.vra. »odulu. of the ' 
composite eio«ent. Rcvertheleae, it will ba uad.ratood that 
other ractoro. a.,, peralaaible d.naity, weight, ate., may place 
U-itatio„s on tho choice of roaia and/or fibre for the ele.eata. 

Korely by way of cxaaple, we hav. found that excellent 
roeults arc achioved by uoir^ ^laaa flia»oata (having a modulua 
Of elaetlcity l„ ^^e ra„ce of about 10.000,000 to 12,500.000 psi) 
ae the fihre cooponent In a rcla aatrix co»poaed of an epoxy 
rcoln ayoton oarkoted by ^:in„eaota Klnln« and Manufacturing 
Company under the deaicnation -1009- {having a «od«lua of ahout 
430.000 pai). Alternatively, tho flhre component of the buildink 
.le»ent. „ay Include aebcatcs fibree (modulua in the rang, of 
»l.out 24,000.000 to 25,000.0<X) pel), boron fiiaa.enta (modulua 
in the range of about 50.000.000 to 60.000.000 pai), carbon ' 
fllameata („od„iua In the range of about 20.000.000 to 70.000.000 
P»l). eapphire whiakera. tungaten whiakera. etc. The r.ain 
component may be an opoxy ream auch as any of those marketed 
by onion Carbide Corporation under the dealgnationa -erl-2256- 
(-odulua about 550.000 pal). -mx-OjOO- (modulua about 720.000 
psi) and .W.2114- (,paul«. about l.OJO.OOO pai), aa w.U aa 
othar auch reaina, and varlou, other ayath.tlo reaina auch aa 
Pheaolio reala. o.lamin. ream «.d the mai.io alky^atyrene 
oopolyme* typea of polyaota, re.laa. obaraot.rU.d by relatively 
low vai„„ Of ^/V. . we have found, for example, that aa element 
auch aa ahowa la Wg. 7 aad compoaad of aa apoxy raala matrix 
(Hlnaaaota Mlalng aad Kanufaotorlag Company'. tn.a -1009") 

• . 4 24.4 7 8 



having embodd«d thoroln^^fiSllft^cftlnal niaiaoato oX "S« glaaa' 
(77^ or the totol V01U36) can wlthatand balanced ooapreaalre 
atreaaae of 165,000 pal la aach of tha aad ^'f 

. dlreotlono. 

W«a. 1 and 2 show a hollow sphere 25 constructed of two 
healapheras 25« and 25b each built up la accordance with the 
preaaat Invention. The nethod here employed, *hich we tero the 
-luae- aethod. uses aa the atartln« naterial a procured unidir- 
ectional sheet coaposed of a roaln matrix, e.g. epo:^ reela, 
and glaaa or other filamenta oobedded therein, the filoaents 
extending parallel to each other and to the wide facee of the 
ohaat. the eheet la flrat severed Into a plurality of thin 
-trip. 26 (Flg.3), the direction of cutting being perpendicular 
to both the direction of the filamenta and the plane of the 
•heet. laeh atrip 26 thua has a oultltuda of ahort, closely 
packed filament lengtha extending perpendicularly to Ita 
wider facaa, aa indicated dlacraKoatleally at 26a. The 
thloknea. of the atrlpa 26 win, of couraa, depend' on the Intended 
atwotural and strength charaoterlatlca of the sphere to be 
eoastrueted. 

Sach atrip 26 la then out Into a aectlon ZJ having the 
ahap. of a half-lune (Pig. 4). and an adhe.lve tope 28 having 
a preeaure-seneltlv. adhesive on oach face thereof Is applied 
to one face of each half-lunate aeotlon 27. Aa the" final prep- 
aratory atep, each half-iunita aeotlon 27 la out Into eie».nta 
275 m a rectangular grid pattern (Pig. 5), aeverlng it to, 
but not through, the adhesive tape backing. «ie elementa 27a- 
thua remain adhered to the backing tape, and the aase.hly thlreby ' 
haa a two-dlmeneional fonDability, 1... the ablUty to band 
both longitudinally and transvorooly. 

The manner la which the various half-iunate aectlona 27 
are built up Into the form of a healaphera 25a (or 25b) la 
^ ^ 424.478 



appropriate outer diameter aad. . . ^ 
alloy » . » wnvealaatUr of a low-a.uia. 

aiioy, e.g. ffood'o aetal. As i« , 

1':%* tunrdl with ••w*iwnB oato 

with their roepuctlv. adhealve tap. baekl^a m 

::::: :::::::::: err - ^ ■ 

"1.1.1, Mil ,j • « "MM 

"""""" 

., ,1.. ^ 

.,».iorl.l „ . »• 

by Shell oil -x*"*)!* that narketed • 

eo aeaeabled ephore le then acala mjeofd 

to aet the adh.aivo. * 

10 . 424,478 
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?or a padlal-fiin,ent .pher. of thia typ., having a 3-lnch 
l»n.r dla»,fr. wo have found a wall thlctaeoo of 0.180 Inch 
(tho oo.pon.nt .tripe being transversely cut to that thickness 
'ro» a f inch thick unidirectional sheet of epo^-bonded glass 
filaaents obtained from the Kinnosota Mining and Manufacturing 
company and available m variouo thicknesses) to b. sufficient.' 
to provide a collapse pressure in excess of I3.OOO psl at a 
weight-to-dlsplaceae„t ratio of 0.53. A oompw-able filament- 
wound and internal rins-otiifenod oonetruotibn having a collapse 
Preeeur. of 13.6OO pel i, found to have a weight-to-displaco- 
ment ratio of 0.62. the increase of about 17jC i„ w.i^ht re- 
presenting a correspond la.ly reduced payload capability. 

A eome-hat different aethcd. herein termed the -V3 octant- 
».thod. Of building a radial-rii«ocnt aphore from unidirectional 
resin and filascnt shoots is illustrated in Wgs. 8 to 10, 
As befor-, a sphere 30 (71s. 8) may be constructed by Joining 
t*o identical hoBlophcrca 30ii and 30b. Each homlaphere is 
bowever, made up of four quadrant aectore 31. each of which is . 
an octant of a sphere, and each quadrant of the hemisphere is 
»ad. up Of three subotantialOy Identical, four-sidsd. spherically 
curved ssotions 32 (scs also Wgs. 9 and 10) each having a 
one-third octant shape the area and contours of which can bs 
.•ally calculated from known geometrical considerations. 
As the first step of the preferred homisphere-building 
. method according to this aspect of the present invention, a ' 
number of elongated planar strips 33 (Tig. ja) somewhat greater 
than the number required for the on.-thlrd octant section 32 
to be fo«ed are assembled in side-by-side relation and 
olampad together against a flat- surface, with tb. fibres 
oriented normal to said surface, a thinshset 34 of rubber or 
other flexible material capable of bsing formed smoothly over 
a doublor curved surface is th.n cemented to th. sntlr. exposed 

1 J 424,478 



race Of this aeseably it?llc§/^he a.senbled atrip, .ro 
then cut transversely to their line, of Jtmoturo, down to but 
not through the flexible .heet 34. r..ultl«« m the fon«tlo« 
Of a relatively larco number of ..all .l...nt. 33a whloh are .. 
ce..nted only to the rubber sheet but not to ..oh other. Ihl, 
---•tlon i., then laid onto a sph.rioally curved »a«dr.l of proper 
--vlius (with the sheet 34 aciln.t th. aand;el .urfac.) and 
is lapreonated with or»oxy resin to fill the auaerou. 
eseentially v-ah«ped cracks between the eleaer.ta: After the 
rs-m filling i, cured, the ocction ie cleaned of the .heat 
backing and excess renin, and cut and trimmed to the exact 
contours of a one-third octant as ehcn In Wg. 9. Ihre. ' 
auch cured section. 32 .re then assembled on a hemispherical 
»a„drel and fitted together to constitute an octant 3I of th. 
aphere, and epo;gr resin Is applied to the mating or abutting 
aurfaoe. of the section, and cured to ccmplot. the octant. 
Tour .uch octant., properly trimmed, are assembled on a spherical 
mandrsl. and .poxy re.ln 1. applied to their mating surfaces 
and cured, to compl.t. th. hemisphere (30a or 30b). Two such 
hemlepheree are thereafter equator lally Joined a. before by 
an epoxy re.m bond to complete the .pher.. 

Y.t another preferred method of building a hollow sphere 
according to the present invention 1. Illustrated in Pigs, u 
to 15. In thl. method, heroin termed the ".trip- method, elon- 
gated .trip. 35 of unidirectional element, are .s^ioyed. each 
atrip consisting of an end-to-end arrangement of a number of 
auch element, adhered at one face to a double-faced. p„.,«,. 
asnsitlv. adhesive tape 37 (similar to th. tap. 28'.ho« In • 
««a. 2, 4 and 6). The fixament. .r.. before, perpendicular 
to the tape backing. The method involve, fir.t forming an ' 
equatorial region, one or more strip. i„ ^^^h. along th. 
-aquator- of the apherlcal m^ondrel « 

^2 424478 



•ore .»rfp, aw laid al«« a mt tol. 
th. -POL- or th. «adrel. jolali, 

.action, of th. ,pp.^.t or ti» Wp««t *p„t«rtai 
-trip 35 12 and 13). r.o wt«^l. ^^p. 35^, 

T. tl.« laid oato tte ^ ^ 

and .xf ndins fro. opposite old., ot polar rtrf,. I5a tojf 
til. correopondlng dlaaetrally opjoo^J » J 

•««• of th. topao^t equatorial ooad 35 (n«.14>. xt 
ata««, thewfow, there are atlU opea frnv opbnleal]^ 
trlaneular eectlone of th'e healsph.,,. «... ^ ^^^^ 
^ prosresoi^eu, ^^^^ ^ ^^^^^ 

eut to wltablo .bape where the, ae.t com.™ T tb. .^ctl« 
trluigle.. jt ^ pracu« tte 

l-.«o.t .trip 35 preferably 

>«t«- Of tb. aaodrel 29. -Ut.r tb. ba^har, h« 
co^leted la thl. ««„er. the cracb. ar, ^^L^ ^ 
ream a. preTlo«.Ur de.cribed. and tb. «rtl« a««=*^ 

«d. after r«oTal of tb. «^ tb. ta^. 

aco«rat.„ la tb. .,«atorlal pl««. ^ ^^^.^ ^ 
«... fo„.d, a. abo,., V c..«.tla« t.o ^ b«l,pa«« f 
•aob etb.r alon« tb.lr equatbrial •4s... 

^•.Plt. dlffereace. m tb. Tarlo,. i»b<»..^.««a«. aatb,^ 
Of eonotruotlon, all .pb.«3 hulu ap la acearte. ^lat ^ 
principle. ^.^^^^ p.^^ «b«»^al^ 

• •«.«all7 «n and.. Identic,! eavlroo^atal co^ttt*.. .^.f^ 
to th. ,«anflcatlaa that tb. p«.«e. af ^^^a,^ 
r-jolat. or .^ac. beta... adjoialat .i.a«xt. JU» tte 
produo.4 b/ tb. -i«a... -l/3-octaat. aaS vtrt,. „^ 
oonat«ctloa redaco. ali^htl, tb. critical mm «ff 
•bell. It Will b. apparaat, bowwr, tbat m 
b. fHl.d itb tap.r.d PLC. of aaldl«ctt«.4 
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rplnf orcod reain cut trol 'tlS I rial a. tb. Oth.r ' 
ele0a»t«. #hlch pleeea would ba oaaaatad la pUoa with tha 
ribra laa^tha tharain also orlaatad subatantlally radlaU^ 
of the aphara, wharaby tha aforaaald alight daoraaaa la' 

critical praaaura CMild ba avoldad. In any owt, tha | 

-jfActiveneea of all thafle aphoraa In auatalnlag axtroaaly J 

'.Ish external preaauroa ateaa dlraetly from tha radial 

orientation of the fllnaonta which provides atran«th aad 

elaetic etublUty far beyond theaa of eonvaatlonal fllaaaat- 

wound conetruotions. Stated i„ other worda, tha radial fllaaaata 

m the body according to the present Invention are clroua- 

ferentlally iaotrople. i... they are equally affactlva In all 

clrcifflferential dlrectlona. whereaa In oonvaatlonal fllaaant- 

wound atruotuxee a elvon rilancnt provides support prlaarlly " 

in a Bln«le direction, which oakee It approxlaataly one-half 

*• affaetlva a. the fllaaenta m the atruoturaa acoordla* to 

tha praaant invention. 

It ahould alao ba noted that the uncured ualdlreotional 
fllaaant andraala aaterlal, which Is used to aak. the basic 
buildlna aleaents of the spheres, generally aay be relatival/ 
rssm-rloh (resin about 35 to 50fi of tha total voluaa) and 
thua haa a aazlaua fllaaant content of about 655t. Wa have 
found It advantageous, however, to usa a fllaaant content above 
about 65JC and preferably la tha range of about 75 to SOfi of • 
tha total voluaa. Thla condition oan ba raadlly achieved by 
aqueaslng out soae of tha resin froa tha unourad aatarlal 
prior to the ourlng thereof. Tha reason Is that „lth a higher '. 
fllaaant content In tha shall wall, tha sphere eaa wlthstaad 
Wghar external hydrostatic praasuras.. ITavarthalase,' tha 
prlndploa of tha praaant Invention oan alao ba laplaaented by 
using the original aatarlal of unraduoad rasla ooateat. It 
being understood that tha critical pressure rating of a aphara' 
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BO produoe4 win bo eoaowA?' ?oZ.f 'than that of a aphere having 
a raduoad raaia eontant and thua an iaoraaaad flbra ooateat. 

Aa an axaapla of tha praaont Invaatioa, wa hava eoaatrueted 
a radlal-filaaeat ephara 3 Inehaa la dlaaatar, by tha aathod 
of Wge. 11 to 15 deaeribod harain, froa epo^cy raain ahaat 
reinforced with fibraglaoa fllanenta, tha raaln having a 
BOdulua of elasticity of 430,000 pal and tha slaea of aodulua 
12,400,00 pel (eupplied by Kinnooota Uloin« and. Kanufaeturing 
Company under the designation 1009-29A). The volune fraotioa 
of fllaoenta present in the aphere was 77jt and tha aphare had 
a weight-to-dlspUeeoent ratio (W/D) of O.5O. In aotual tests/ 
this sphere euetained an external hydrostatlo pressure of 
2$, 000 pal without failure. 

StlU ftwther advantages of the body acoordlng to tho 
praaant invention will becooo evident fron a consideration 
and eoapariaon of ?iga. 16 and I6a of the drawings. Thua, aa 
ahom la Wg. 16, in a radlal-fllaaont spherical shell 49 It 
is poaalbla to provide a port opening 50 with radial boundary 
aurfaoea, aa ladioated by the broken llnaa 504 and 50b. Sinoe ■ 
tha fllaaenta are subatantlally radially oriented, the port 
opening oan be fbraed by cutting a sagaent of suitable size . 
dlraotljr out of the ahall wall without Introducing any and- 
loading atraasas, and without any need to provlda oaaaa foir 
prevaatlng failure of the a true tur a by spreading or dalaainatioa 
of tha wall.' By way of oontradiatinctlon, aa shown la llg.l6a 
la a eonveatlonal filaaent-wound aphsrlcal ahall 51 the provlaloa 
of a port opening 52, even with radial boundary aurfaoea, 
entails cutting across tha fllaaenta, whloh autoaatleally 
introduces and-loadlng stresaea and aakas it lopayatlva to 
provide supporting f langaa at tha bpaalag to prevent failure 
by spreading or delanlaatlon. Eroa this It will ba appraolatad 
that in the event a portion of a radlal-fllaaent sphere lo 
daaaged. it Is possible to rspair tha saaa quits easily, alaoa 

15 424.478 



# 




b OUT the Aaaa 



It l3 naeesaar/ eivpljr to cut out the Aaao^ed portloa with an 
identical aating radiul-filoaoat seotlca vhioh oaa be oeaeatad 
in plaoe to repair the eholl without loae 0t atres«tb» It will. * 
toe equally evident that thie type of repair is iaposaihle is 
a c^.nvoMtlonal filanent«wound shell sinoe the seTered Xilaaettts 
't -. :;. : tho danaged area cannot be reconnected* 

Yot another advanta^s of the body of the present inYentioa 
is that a epbere of this type need act be provided with polar 
end fittinae or caps to provide access to the interior of 
tbe sphere* Especially where the sphere is initially constructed 
of two identical hemiopheree, it is possible to insert the 
payload, e.g. the inatruaento and/or other aaterials^ into 
one of the hemispheres prior to the ceaaenting thereof to tha 
other heoisphere for coopletion of the sphere, whereby tbe 
entire interior of the sphere is available for payload. Ibiv 
is essentially inpossible In a filawDt-^oood. •phare which Ai\ ... 
all tlQss require's ths plrovision. of generally aetal polar caps 
or fittings to provide access to the interior of the sphere, 
and sines a fllanent^^ound sphere ten oaly^be fdx«el as sol '"^f 
entity t the polar openings therein auat of necessity be relatively 
saally limiting the degrss of access obtainable and oonccaitaatly 
limiting the siass and character of inetrumeata which can be 
inserted into the sphere to width diaensions less than the . • 
dianetor of such openings • In addition, the need for aetal . 
polar fittiage in a filaaent-^ound sphere, increasss its wsight-* 
to^isplacsaent ratio which, as previously aenticned, decreases' 
its payload capability in correeponding degree. - 
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17.276/67 

1A nothod accordlnfi to clala 1 la wbioh the ^<\oklng 
aheet ie applied to the sheet material before this la 
cut Into elcaenta* 

3 A aiethod according to clala 1 or elalm 2 la whloh the 
. nta are fomed by cutting the sheet aaterlal la a 
xtfotan^lar grid pattern. 

^ A aethod according to any one of the preceding olalas 
in which the sheet aaterlal Is oured before It Is cut to 
fora the eleaents. 

^ A oethod according to any one of the preceding olalas 
in which the backing oheet in a double-faced pressure* 
aonaltive adhesive tnpe. 

aethod according to ar^ one of olalas 1 to 4 la 
which the bucking sheet io a aheet of flexible aaterlal 
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..l».n..«„tt,„,r«,»,e„.„,i^. 

1» «« l«ttjr.l .phtr.. ^ 

••otlono, th. aeotlens are cut i„t« , 

Mnarel, to foni a heniaphoro. 

A A ..,„od a«eordl„« to on, or ol«i«, x to 7 i„ 
»at.rlftl la appU.d to a backing aheot and 
cut Into elaaenta In a recto* -1-*^*^^ ^u^* 

■ in a rectiUnear grid pattflrai t21 

«. ... ,^ J-^" "» 

or aacH octant jroTr ' "^^^ 
^«nt Ulng on tha aquatorlal Ilaa of . 

.-.« .PPU« ...... . ^^^^ « 




i7.27 6/«r 



to form a serloo of elcme'nta adh«plng to the taoklag 
iiheet, and a hemlaphoro is bttllt up oa a opherloal 
Diundrol by flrot applylne at l«aot one atrip to the 
mandrel aa on oquatorJal band, then at least one etrip 
ov*p the pole ol the mandrel froo one edge to the 
dlaaetrically oppoolte edge of the equatorial band, 
then at least one atrip on each eide of the polar band 
extending tranoveraely thereto to the edge of the equa- 
torial band, and finally angularly direoted etrlpa within 
each of the ophorical triangles previously defined oh 
the mandrel surface until the triangles are eompleteXy . 
filled. 

A hollow aphoric^lly curved shell-type body 
constructed by a method according to any one of the 
preceding claloa. 
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